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^ (54) Title: INK COMPOSITIONS HAVING MODIFIED PlGMefTS WnH HIGH OR LOW TREATMENT LEVELS 

(57) Abstract: Ink compositions having modified pigments with high or low treatment levels are described. Ink compositions having 
^ modified pigments with high treatment levels comprise 1) at least one liquid vehicle and 2) at least one modified pigment, wherein 
S ^ modified pigment comprises at least one pigment having attached at least one oiganic gioiq> substituted with at least one anionic 
^ group, at least one anionizable group, or a mixture thereof, wherein the organic groiq> is present at a treatment level of firom about 4.5 
^ to about 7.5 micromoles/in^ of die pigment used based on nitrogen suifaoe area of the ingment Ink compositioiis having modified 
^ pignients with low treatnoent levels comprise 1) at least one liquid vehicle and 2) at least one modified pigment, wherein the modified 

pigment comprises at least one pigment having attached at least one oiganic group substituted with at least one cationic group, at 
Q least one cationizable group, or a mixture thereof, wherein the oiganic group is present al a treats toabout4 
^ micromolesAn^ of the pigment used based on nitrogen suifaoe area of the pigment The present invention finther relates to methods 
1^ for improving intercolor bleed properties of an ink, by using the above-described com p onents in an ink. 



wo 01/10963 



PCTAJSOO/20940 



-1- 
TITLE 

INK COMPOSITIONS HAVING MODIFIED PIGMENTS 
WITH HIGH OR LOW TREATMENT LEVELS 

BACKGROUND OF THE INVENTION 

L Field of the Invention . 

The present invention relates to ink compositions having modified pigmaits 
with high or low levels of organic treatment. The ink compositions exhibit improved 
intercolor bleed properties and arc suitable in inkjet printing inks and in inks 
incoiporating such modified pigments. 

2. Description of the Related Art. 

Inkjet printing is a non-impact process wherein droplets of ink are produced and 
dq)osited on a substrate such as p^er, transparent film, polymer sheet, or textile 
material in response to an electronic signal. Inkjet printing systems are typically 
classified by two known types: continuous stream or drop on demand. Thermal or 
bubble jet drop-on-demand inlget printers are usefiil outputs for personal computers in 
the ofiGce and in the home. 

A common problem associated with certain inkjet printing processes is that color 
can *l)leed'* between different color regions of the printed substrate. "Bleed" is defined 
as the migration of one ink color into a region of anotho* ink color, particularly when 
black ink moves into a region of any other color. In general, an inkjet printer is capable 
of printing with colored ink such as magenta, cyan, yellow, and black ink. When the 
two colors are printed side by side, there is a tendency for the colors to bleed into one 
another. When color bleed occurs, the boundary between adjacent color regions 
becomes indistinct or blurred, resulting in a low resolution printed image. To produce 
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high resolution colored images using inkjet printing processes, there is a need for ink 
compositions that exhibit low or improved intercolor bleed. 

Ink con4>ositions that are useful in imaging 2q)plications, such as inkjet ink 
printing systems, are well known and generally contain water-soluble dyes. Alfliough 
dye based inks are suitable for their intended puipose, dyes have several disadvantages 
when used in inkjet inks. For instance, dyes, bemg water-soluble in u water/organic 
mixture may dissolve and run when exposed to moisture or water. Dye images may 
further smear or rub off on contact with felt pen markers or upon being rubbed or 
touched by fingers. Dyes also exhibit poor stability when exposed to visible, ultraviolet 
Ught, or sunUght. hi addition, dyes can have a problem with intercolor bleed. 

Because of the limitations of the water-soluble dye approach, researchers have 
woiked with pigment based inks. However, while pigments are begiiming to receive a 
wide degree of acceptance in inkjet ink systems, for exanq>le, there are still problems 
associated with ttie performance and reUability of the composition, i.e., print properties, 
stability, and the like. 

As a result, a need remains for improved ink compositions, especially for use in 
inkjet printing processes, which overcomes the problems that are typically associated 
widi current dye based and pigment systems, hi addition, there is a need for improved 
ink compositions, which provide improved mtercolor bleed properties and generate 
images having good print properties. 

SUMMARY OF THE INVENTION 

The present invention relates to ink compositions having modified pigments 
with high or low treatment levels. The ink compositions contain modified pigments 
with high treatment levels and at least one hquid vehicle. The modified pigment is a 
pigment having attached at least one organic group. The organic group is substituted 
with at least one anionic group, at least one anionizable groiq), or a mixture thereof. The 
organic group is present at a treatment level of firom about 4.5 to about 7.S 
micromoles/m^ of the pigment used based on nitrogen surface area of the pigment 
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The present invention also relates to ink compositions having modified pigments 
with low treatment levels. Ink compositions having modified pigments with low 
treatment levels comprise 1) at least one liquid vehicle and 2) at least one modified 
pigment. The modified pigment is a pigment having attached at least one organic groiq). 
The organic group is substituted with at least one cationic group, at least one 
calionizable group, or a mixture thereof. The organic group is present at a treatment 
level of fi'om about 1.0 to about 4.0 micromolesW of the pigment used based on 
nitrogen surface area of the pigment. 

The pigment can be a carbon product, a colored pigment othei* than a carbon 
product, a multi-phase aggregate comprising at least one carbon phase and at least one 
silicon-containing species phase, a multi-phase aggregate containing at least one carbon 
phase and at least one metal-containing species phase, a partially silica coated carbon 
black, or mixtures thereof. 

The organic groiq) can comprise at least one aromatic group or C]-C2o alkyl 
group, or mixtures or combinations thereof The Uquid vehicle is preferably aqueous. 

The present invention fiirther relates to methods for improving intercolor bleed 
properties of an ink, by introducing the above-described modified pigments to the ink. 
The present invention also relates to inkjet ink compositions comprising the above- 
described ink compositions. 

Additional features and advantages of the present invention are set forth in the 
detailed description and examples that follow, or may be learned by practice of the 
present invention. These aspects and other advantages will be realized and obtained by 
the various embodiments described and pointed out in the claims. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 

The present invention relates to ink conspositions having modified pigments 
with high or low treatment levels. Ink compositions having modified pigments with 
5 high treatment levels contain 1) at least one liquid vehicle and 2) at least one modified 
pigment. The modified pigment is a pigment having attached at least one organic 
group. The organic group is substituted with at least one anionic group, at least one 
anionizable group, or a mixture thereof. An anionizable group means an ionizable 
group capable of forming an anion. The organic group is present at a treatment level of 

10 fix>m about 4.5 to about 7.5 micromoles/m^ of the pigment used based on nitrogen 
surface area of the pigment. Preferably, the organic group is present at a treatment 
level of firom about 5.0 to about 7.0 micromoles/m^ of the pigment used based on 
nitrogen surface area of the pigment. 

The pigment, as used herein, can be any pigment that can be modified with the 

15 attachment of at least one organic groiq). Examples include, but are not limited to, a 
carbon product, a colored pigment other than a carbon product, a multi-phase aggregate 
comprising at least one carbon phase and at least one silicon-containing species phase, a 
multi-phase aggregate containing at least one carbon phase and at least one metal- 
containing species phase, a partially siUca coated carbon black, or mixtures thereof. 

20 Carbon, as used herein, may be ofthe crystalline or amorphous type. Examples 

include, but are not limited to, gr^hite» caibon black, carbon fiber, vitreous carbon, 
activated charcoal, or activated carbon. Finely divided forms of the above are preferred. 
Also, it is possible to utilize mixtures of different colored pigments, mixtures of 
different caibon blacks, or combinations thereof 

25 Colored pigments, as used herein, include but are not limited to, colored 

pigments such as blue, brown, cyan, green, violet, magenta, red, yellow, as well as 
mixtures thereof Suitable classes of color pigments include, for example, 
anthraquinones, phthalocyanine blues, phthalocyanine greens, diazos, monoazos, 
pyranthrones, perylenes, heterocyclic yellows, quinacridones, and (thio)indigoids. Such 

30 pigments are commercially available in either powder or press cake form firom a 
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number of sources including, BASF Corporation, Engelhard Corporation and Sun 
Chemical Corporation. Examples of other suitable colored pigments are described in 
the Colour Index, 3rd edition (The Society of Dyers and Colourists, 1982). 
Representative examples of black pigments include various carbon blacks (Pigment 
5 Black 7) such as channel blacks, furnace blacks and lamp blacks, and include, for 
example, carbon blacks sold under the Regal®, Black Pearls®, Elftex®, Monarch®, 
Mogul®, and Vulcan® trademarks avaUable firom Cabot Corporation (such as Black 
Pearls® 2000, Black Pearls® 1400, Black Pearls® 1300, Black Pearls® 1100, Black 
Pearls® 1000, Black Pearls® 900, Black Pearls® 880, Black Pearls® 800, Black 

10 Pearls® 700, Black Pearls® L, Elftex® 8, Monarch® 1400, Monarch® 1300, 
Monarch® 1100, Monarch® 1000, Monarch® 900, Monarch® 880, Monarch® 800, 
Monarch® 700, Mogul® L, Regal® 330, Regal® 400, Vulcan® P). Other suitable 
caibon blacks include, but are not limited to, Printex 40, Printex 80, Printex 300, 
Printex L, Printex U, Printex V, Special Black 4, Special Black 5, FW200, (the 

15 foregoing available fiom Degussa Corporation), Raven 780, Raven 890, Raven 1020, 
Raven 1040, Raven 1255, Raven 1500, Raven 5000, Raven 5250 (the foregoing 
available fiom Columbian Chemical Corporation) and MAI 00 and MA440 available 
fiom Mitsubishi Chemical Corporation. 

The multi-phase aggrcgate containing at least one carbon phase and at least one 

20 silicon-containing species phase can also be considered a sihcon-treated carbon black 
aggregate and the multi-phase aggregate containing at least one carbon phase and at 
least one metal-containing species phase can also be considered to be metal-treated 
carbon black aggregate as long as one realizes that in either case, the siUcon-containing 
species and/or metal-containing species are a phase of the aggregate just like the carbon 

25 phase. 

The metal-treated carbon blacks are aggregates containing at least one carbon 
phase and at least one metal-containing species phase. The metal-containing species 
include compounds containing aluminum, zinc, magnesium, calcium, titanium, 
vanadium, cobalt, nickel, zirconium, tin, antimony, chromium, neodymium, lead, 
30 telluritmi, barium, cesium, iron, and molybdoium. Preferably, the metal-containing 
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species phase is an alumiiiiim< or zinc-containing species phase. The metal- 
containing species phase(s) can be distributed through at least a portion of the 
aggregate and is an intrinsic part of the aggregate. 

The details of making the multi-phase aggregates are explained in U.S. Patent 
5 Nos. 5,904,762, 5,877,238, 5,869,550, 5,749,950, 6,017,980, and 6,057,387 and in 
PCT Publication No. WO 96/37547, the disclosures of which are herein incorporated 
in their entireties by reference. 

A partially silica coated carbon product can also be used as the pigment, such 
as that described in PCT Publication No. WO 96/37547, pubfehed November 28, 
10 1996, which is hereby incorporated in its entirety herein by reference. 

The pigment can have any particle size suitable for use in inks and/or coatings. 
A higher surface area is preferred, such as about 200 mVg or higher, and a low DBP 
is also preferred, such as firom about 60 to about 100. 

The modified pigment is a pigment having attached at least one organic group. 
15 The organic group can be at least one aromatic group and/or CrC2o aUcyl gn>iq> and can 
be directly attached to the pigment The aromatic group includes, but is not limited to, 
unsaturated cyclic hydrocarbons containing one or more rings. The aromatic group 
may be substituted or unsubstituted. Aromatic groups include, but are not limited to, 
aryl groups (for example, phenyl, naphthyl, anthracenyl, and the like), and heteroaryl 
20 groups (imidazolyl, pyrazolyl, pyridinyl, thienyl, thiazolyl, furyl, triazinyU indolyl, 
and the like). 

In another aspect of the invention, the organic group can also be an olefin 
group, a styrenic group, an acrylate group, an amide group, an ester group, or mixtures 
thereof 

25 Further, the organic group can be a polymeric group, such as a polyolefin 

group, a polystyrenic group, a polyamide group, a polyester group, or mixtures 
thereof. The organic gjx>\xp can also be an alkylene oxide. 

Examples of organic groups are described in U.S. Patent Nos. 5,895,522, 
5,885,335, 5,803,959, 5,851,280, 5,837,045, 5,672,198, 5,571,311, 5,630,868, 

30 5,707,432, 5,554,739, 5,698,016, 5,713,988, and 5,803,959, in PCT Publication Nos. 
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WO 96/18688, WO niATKm, WO 97/47699, and WO 99/51690, as well as in US- 
Patent Application No. 08/990,715, all incorporated herein in their entireties by 
reference. 

The liquid vehicle is preferably aqueous. Examples include, but are not 
limited to, water, water-soluble organic solvents, other organic solvents, and the like. 

Anionizable functional groups forming anions include, for example, acidic 
groups or salts of acidic groiqjs. The organic group, therefore, can include groups 
derived from organic acids. Preferably, when the organic group contains an ionizable 
group forming an anion, the organic group has a) an aromatic group or Cj-Czo alkyl 
group and b) at least one acidic group having a pKa of less than 1 1, or at least one salt of 
a acidic group having a pKa of less than 11, or a mixture of at least one acidic group 
havingapKaof less than 11 and at least one salt of an acidic group having a pKa of less 
than 1 1. The pKa of the acidic group refers to the pKa of the organic group as a whole, 
not just the acidic substituent. More preferably, the pKa is less than 10 and most 
preferably less than 9. The aromatic group may be fiirther substituted or unsubstituted, 
for example, with alkyl groups. More preferably, the organic group is a phenyl or a 
n^htfayl group and the acidic group is a sulfonic acid group, a sulfuric acid group, a 
phosphonic acid group, or a carboxylic acid group. The naphthyl group may be mono- 
substituted with an acidic group on either ring. The n2q)hthyl group may also be 
substituted with two or more acidic groups, with the acidic groups on the same or 
different rings. Examples of ionic or ionizable groups include -COOH, -SO3H and - 
PO3H2, -SO2NHCOR, and their salts, for example, -COONa, ^OOK, -COOTsU^*, - 
SOaNa, -S03T^\ and POaNaz, where R is a saturated or unsaturated alkyl or phenyl 
group. Particularly preferred ionic or ionizable substituents are -COOH and -SO3H and 
their sodium and potassium salts. 

The modified pigment may be prepared preferably by reacting a pigment, such 
as carbon black, with a diazonium salt in a liqmd reaction medium to attach at least one 
organic group to the surface of the pigment. The diazonium salt may contain the 
organic groiq) to be attached to the pigment. A diazonium salt is an organic compound 
having one or more diazonium groups. Preferred reaction media include water, any 
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medium containing water, and any medium containing alcohol. Water is the most 
preferred medium. £xanq)les of modified caibon products, wherein the carbon is caibon 
black, and various preferred methods for their preparation are described in U.S. Patent 
No. 5,851^80 entitled "Reaction of Carbon Black with Diazonium Salts, Resulting 
Caibon Black," incorporated hoiein by reference in its entirety. Examples of modified 
carbon products, wherein the carbon is not carbon black, and various preferred methods 
for their preparation are described in U.S. Patent No. 5,554,739, 5,837,045, WO 
96/18696 and WO 96/18688, incorporated herein by reference in their entirety. The 
pigments other than carbon products can be prepared in a similar manner. 

The amount of organic group attached to the pigment is an important factor for 
purposes of the subsequent use of the modified pigment and such applications as inkjet 
ink compositions, coating formulations, and ink systems. In particular, for ink 
compositions containing the anionic or anionizable groups in the pigment, the treatment 
levels should be of a high level especiaUy if excellent resistance to inteicolor bleed is 
desired. In other words, the treatment levels of organic groiq)s may be fix>m about 4.5 to 
about 7.5 micromoles/m^ of the pigment used, more preferably fix)m about 5.0 to about 
7.0 micromoles/m^ of the pigment used, based on nitrogen surface area of the pigment. 
Hie treatment level refers to the amount of organic group that is reacted in the presence 
of the pigment. The amount attached will typically be a percentage of this level 
depending on such factors as pigment, type of organic group and processing conditions. 
The optimum treatment level is a balance between properties such as optical density, 
waterfastness, and rntercolor bleed. Treatment levels that provide higher optical density 
and better waterfastness tend to compromise intercolor bleed. Thus, there is a need to 
find the right balance of these properties which is accomplished by the present 
invention. 

The results obtained by the present invaition are surprising and une;q)ected 
since high treatment levels are suitable for use in inks when the organic group is anionic 
or anionizable, but the same is not true for inks containing cationic or cationizable 
groups on ttie pigment. 
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In general, the ink compositions of the present invention may be prepared 
utilizing convmtional techniques know to those skilled in the art, such as combining or 
mixing the desired components in a suitable medium. Typically, the ink compositions 
are aqueous systems and include therein a significant amount of water, preferably 
deionized or distilled water. For example, the amount of water or similar medium is 
generally present in an amount ranging fiom about 60% to about 95%, preferably &om 
about 75% to about 90%, based on the weight of the ink composition. Suitable 
additives are generally incoiporated into the ink compositions to impart a number of 
desired properties while maintaining the stability of the compositions. Such additives 
are well known in the art and include humectants, biocides» binders, drying accelerators, 
penetrants, surfactants, and the like. For example, a humectant .may be added to reduce 
the rate of eviration of water in the ink to minimize print head nozzle clogging. If tiie 
ink begins to dry out, the humectant concentration increases and evaporation is 
decreased further. Humectants may also affect other properties of the ink and prints 
made therefiom, such as viscosity, pH, surface tension, optical density, and print quality. 
Such humectants typically include ethylene glycol, propyloie glycol, dielhylene 
glycols, glycerine, dipropylene glycols, polyethylene glycols, polypropylene glycob, 
alkane diols, amides, ethers, caiboxylic acids, esters, alcohols, oigansulfides, 
organosulfoxides, sulfones, alcohol derivatives, 2>pyiTolidone, ether derivatives, amino 
alcohols, and ketones. The amount of a particular additive will vary depending on a 
variety of factors including the molecular weight of the polymers, the viscosity, the 
amount added, as well as the nature of the polymers, the nature of any organic groups 
attached to the pigment, e.g., modified carbon black products. 

The present invention also relates to a method for improving intercolor bleed 
properties of an ink, by introducing at least one modified pigment to the ink, wherein 
the modified pigment is described above using the treatment levels described earlier. 

The present invention fiirther relates to ink compositions having modified 
pigments with low treatment levels. Ink compositions having modified pigments with 
low treatment levels comprise 1) at least one liquid vehicle and 2) at least one modified 
pigment. The modified pigment is a pigment having attached at least one organic 
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group. The oiganic groii^ is substituted with at least one cationic group, at least one 
cationizable groiq), or a mixture thereof. The organic group is present at a treatment 
level of fix)m about 1.0 to. about 4.0 micromoles/m^ of the pigment used based on 
nitrogen surface area of the pigment Preferably, the organic group is present at a 
5 treatment level of fix>m about 2 to abput 3 micromoles/m^ of the pigment used based 
on nitrogen surface area of the pigment. As with the anionic or anionizable organic 
groups described above, the treatment level again refers to the amount of organic group 
that is reacted in the presence of the pigment Similarly, the amount attached wiU 
typically be a i>ercentage of this level depending on such factors as pigment, type of 

10 organic group and processing conditions. In addition, the optimimi treatment level is a 
balance between properties such as optical density, waterfastness and intercolor bleed. 

For purposes of this embodiment, the amount of organic group attached to the 
pigment can be important factor for purposes of the subsequent use of the modified 
pigment and such applications as inkjet ink coinpositions, coating formulations, and ink 

15 systems. In particular, for cationic ink compositions the levels should be of a low level 
as described above. 

The results obtained by the present invention are surprising and unexpected 
since low treatment levels are suitable for inks containing modified pigmoats with 
cationic groups, but not inks containing modified pigments with anionic gro\q>s. Thus, 
20 in certain situations, attaching low levels of organic groiq)s to modified pigments results 
in better properties. 

A cationizable group is ah ionizable group that is capable of forming a cation in 
the medium of use. Amines represent examples of cationizable groups that form cations 
and cationic groups and can be attached to the same organic groups as discussed above 
25 for the anionizable groups that form anions. For example, amines may be protonated to 
form ammonium groups in acidic media. Preferably, an organic group having an amine 
substituent, wherein the amine substituent has a pKb of less than S. 

Quaternary ammonium groups (-NR3*) and quaternary phosphonium groups (- 
PRa*^ also represent examples of cationic groups and can be attached to the same 
30 organic groiq>s as discussed above for anionizable groups that form anions. Preferably, 
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the organic group contains an aromatic group such as phenyl or uaph&iyl group and a 
quaternary ammonium or a quatmiaiy phosphonium group. Quatemized cyclic amines, 
and quatemized aromatic amines, can also be used as the organic group. 

The inkjet ink compositions have improved intercolor bleed properties compared 
5 to dye based inkjet inks. For instance, the inkjet ink compositions of the present 
invention can have an average intercolor bleed of good to excellent. 

In general, the ink compositions of the present invention may be prepared 
utilizing the same conventional techniques as described earlier. These techniques 
include, but are not hmited to, combining or mixing, the desired components in a 
10 suitable mediunL 

The present invention fiuther relates to a method for in^)roving intercolor bleed 
properties of an ink, comprising introducing 1) at least one liquid vehicle and 2) at 
least one modified pigment to an ink, wherein the modified pigment comprises at least 
one pigment having attached at least one organic group substituted with at least one 
15 cationic group, at least one cationizable group, or a mixture thereof, wherein said 
organic group is present at treatment levels described earlier. 

The modified pigments of tfie preset invention are also usefiil in aqueous ink 
and coating formulations. Aqueous includes mixtures of water and other water-miscible 
or - dispersible substances, such as an alcohol. Thus, the invention provides an aqueous 
20 ink composition comprising water and a modified pigment according to the inventioiL 
Other known aqueous ink additives may be incorporated into the aqueous ink 
formulation. As stated previously, an ink may consist of the various components 
described above. Various aqueous ink compositions are also disclosed, for example, in 
United States Patent Nos. 2,833,736; 3,607,813; 4,104,833; 4,308,061; 4,770,706; and 
25 5,026,755, all incorporated herein by reference. 

As stated earUer, modified pigments of the present invention are particularly 
useful in inkjet ink formulations. The additives and formulations described in U.S. 
Patent Nos. 5,571,31 1 and 5,630,868 can be used hecein with the modified pigments of 
the present invention. 
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The modified pigments of the present imrention, either as a predispersion or as a 
solid, can be incorporated into an aqueous ink formulation using standard techniques. 

Flexogr^hic inks represent a group of ink conq>ositions. Flexogr^hic inks 
generally include a colorant, a binder, and a non-aqueous or aqueous solvent. The 
5 modified pigments of the invention may be useiiil as flexogr^hic ink colorants. The 
modified pigments of the invention may be used in aqueous news inks. For example, an 
aqueous news ink composition may comprise water, the modified pigments of the 
invention, a resin and conventional additives such as antifoam additives or a surfactant. 
As stated earlier, the modified pigments of this invmtion may also be used in 
10 aqueous coating compositions such as paints or finishes. Thus, an embodiment of the 
invention is an aqueous coating composition comprising water, resin and at least one 
modified pigment according to the invention. Other known aqueous coating additives 
may be incorporated into the aqueous coating compositioiL See, for example, McGraw- 
Hill Encyclopedia of Science & Technology, Sth Ed. (McGraw-Hill, 1982), 
15 incorporated herein by reference. See also United States Patent Nos. 5,051,464, 
5,319,044, 5,204,404, 5,051,464, 4,692,481, 5,356,973, 5,314,945, 5,266,406, and 
5,266,361, all incorporated herein by reference. The aqueous compositions of the 
present invention may also comprise additional other coloring pigments (e.g. Ti02, 
phthalo blue and the like), clays, talc, silicas, and carbonates. The modified pigments of 
20 the invention, either as a prediq)ersion or as a solid, can be incorporated into an aqueous 
coating composition using standard techniques. 

Also, the modified pigments of the present invention can be used in ink jet inks 
where the ink formulation may be based on solvents, aqueous media, or an aqueous 
emulsion. 

25 To control intercolor bleed and optimize pigment and ink performance, the 

proper level and type of treatment needs to be selected. In the examples given, a 
relatively higher level of anionically modified pigment or a relatively lower level of 
cationically modified pigment achieved the desired level of performance. The following 
examples are intended to fiirther illustrate, not to limit, die claimed invention. 
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EXAMPLES 



Example 1 

Inkjet inks were made using siir£u:e modified caibon blacks that are ionically 
stabilized in water. The groiq> attached to the caibon black surface was a carboxylic 
acid salt with an ammonium counterion. These blacks were prepared following a 
procedure similar to that described in U.S. Patent No. 5,630,868. The formula 
consisted of 3% pigment solids, 7.5% ethylene glycol, 7.5% glycerol, 4% 
isopropanol, and the remainder deionized water, all by wt% of formulation. The inks 
were then filled in to a cleaned inkjet cartridge (BJC-21) and printed on NSK p^er 
using a Canon BJC 4200 printer. The pattern used for the print testing contained on 
the left side 3 boxes of black text at varying font sizes in each of the three primary 
colors, cyan, magenta, and yellow and on the right 3 boxes of colored text in black 
boxes. These prints were visually assessed for intercolor bleed using a lOX 
magnification loop. The morphology of the carbon blacks used in the modification, 
the treatment level, and the indirect measure of modification (as measured by 
counterion concentration) are included in Table 1. 



TABLE 1 



Sample 
Number 


Carbon Black Morphology 


Treatment 
Level 


Counterion 




Nitrogen Sur&ce 
Area (mVg) 


Dibutyl 
Phthalate 
Absorpticm 
(cc/lOOg) 


micromol/m^ 


ppm 


1 A 


210 


74 


4.0 


4996 


IB 


210 


74 


6.4 


8258 


2A 


200 


95 


4.0 


5129 


2B 


200 


95 


5.2 


6585 


2C 


200 


95 


6.4 


6907 


3 A 


220 


112 


4.0 


6369 


33 


220 


112 


6.4 


7233 


4A 


240 


65 


4.0 


6610 


4B 


240 


65 


6.6 


9106 
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The results (see Table 2) indicate that the treatment level of the surface 
modified pigmmts impacts the resultant intercolor bleed properties of an ink when 
printed. It can be concluded firom these results that a higher treatment level positively 
5 influences the intercolor bleed properties of an ink formulated with an anionically 
stabilized sur&ce modified pigment dispersion. A lesser effect was also observed 
where the morphology of the surface modified carbon black contributes to intercolor 
bleed. As the surface area increases and the dibutyl phthalate absorption decreases a 
slight improvement in the ink's intercolor bleed properties were noted. However, it 
10 was noted that with an improvement in intercolor bleed, a corresponding decline in 
waterfastness and to a lesser extent optical density were observed in all cases. 
Waterfastness and optical density results were within acceptable limits and these 
formulas should be consid^ed viable and useful. 

15 TABLE 2 



Sample 
Number 


Average 
Particle Size 
(microns) 


Optical 
Density 


Water&stness 


Intopcolor Bleed 


lA 


0.076 


1.26 


5 min 


fair 


IB 


0.074 


1.24 


10 min 


good 


2A 


0.096 


1.37 


5 min 


fair 


IB 


0.108 


1.34 


5 min 


good 


2C 


0.084 


1.34 


10 min 


Good to very good 


3A 


0.101 


1.43 


10 min 


fair 


3B 


0.094 


1.35 


Ihr 


good 


4A 


0.066 


1.21 


5 min 


&ir 


4B 


0.065 


1.20 


>lhr 


Very good 



Example 2 



20 Inkjet inks were made using surface modified fumace carbon blacks that were 

cationically stabilized in water. The group attached to the carbon black surface was a 
pyridinium quaternary amine salt with nitrate counterion. These blacks were prepared 
following a procedure similar to that described in U.S. Patent No. 5,630,868. The 
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fonnuia consisted of S% pigment solids, 7.0% glycerol, S.0% diethylene glycol, 7% 
trimeihanol propane and the remainder deionized water (all by wt% of formulation). 
The inks were then filled in to a cleaned inkjet cartridge (BJC-21) and printed on 
Xerox 4024 paper using a Canon BJC 4200 printer. The pattern used for the print 
5 testing contained on the left side 3 boxes of black text at varying font sizes m each of 
the three primary colors, cyan, magenta, and yellow and on the right 3 boxes of 
colored text in black boxes. These prints were visually assessed for intercolor bleed 
using a lOX magnification loop. The morphology of the carbon blacks used in the 
modification, the treatment levels, and the indirect measure of modification (as 
10 measured by counterion concentration) are included in Table 3. 



TABLE 3 



Sample 
Number 


Carbon Black Morphology 


Treatment 
Level 


Counterion 




Nitrogen Surface 
Area (mVg) 


Dibutyl 
Phthalate 
Absorption 
(cc/lOOs) 


micromol/m^ 


ppm 


6A 


200 


117 


22 


14,392 


6B 


200 


117 


2.5 


17,100 


6C 


200 


117 


3.0 


21,953 


6D 


200 


117 


5.0 


23.732 


6E 


200 


117 


7.5 


27,997 



15 These results indicate (see Table 4) that the treatment level of the surface 

modified pigments impact the resultant intercolor bleed properties of an ink when 
printed. It can be concluded firom these results that a lower treatment level positively 
influences the intercolor bleed properties of an ink formulated with a cationically 
surface modified pigment dispersion. From these results, an optimum level of 3.0 

20 micromol/m^ was noted. However, at the optimum treatment level for intercolor 
bleed, a corresponding decline in waterfastness and optical density were observed 
when covapdied to the lower treatment levels. Waterfastness and optical density 
results were within acceptable limits for the optimal intercolor bleed and should be 
considered viable and usefiil. 
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TABLE4 



Sample 
Number 


Average Particle 
Size (microns) 


Optical 
Density 


Waterfastness 


Intercolor Bleed 


6A 


0.135 


1.49 


5 min 


fiiir 


6B 


0.139 


1.47 


5 min 


fair 


6C 


0.235 


1.40 


Ihr 


good 


dD 


0.139 


1.35 


>lhr 


' poor 


6£ 


0.144 


1.41 


>lhr 


poor 



Example 3 



Inkjet inks were made using surface modified channel-like carbon blacks that 
were ionically stabilized in water. The volatile content of the carbon black used in 
this example was significantly higher than the carbon blacks outlined in the previous 
examples (14.5% vs. <1.0%). The group attached to the carbon black surface was a 
carboxyhc acid salt with a sodiimi counterion. These blacks were prepared following 
a procedure similar to that described in U.S. Patent No. 5,360,868. The formula 
consisted of 4% pigment solids, 10.0% 1,4-butanediol, 10.0% 2-pyrrolidinone, 4% 
isopropanol and the remainder deionized water, all by weight of the formulation. The 
inks were then filled in to a cleaned inkjet cartridge (12A1970) and printed on 
Hammermill DP Fore paper using a Lexmark Color Jetprinter Series 7000 printer. 
The pattern used for the print testing contained small boxes of black text in each of the 
three primary colors, cyan, magenta, and yellow and small boxes of colored text in 
black boxes. These prints were visually assessed for intercolor bleed using a lOX 
magnification loop. The morphology of the carbon blacks used in the modification, 
the treatment levels, and the indirect measure of modification (as measured by 
counterion concentration) are included in Table 5. 
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TABLE5 



Sample 
Number 


Carbon Black Morphology 


Treatment 
Level 


Counterion 




Nitrogen Surface 
Area (mVg) 


Dibutyl 
Phthalate 
Absorption 
(cc/lOOg) 


micromol/m^ 


ppm 


7A 


180 


110 


2.7 


7,301 


7B 


180 


110 


4.0 


11,871 


7C 


180 


110 


7.5 


i 1,250 



These results (see Table 6) indicate that the treatment level of the surface 
modified pigments impact the resultant intercolor bleed properties of an ink when 
printed. It can be concluded from these results that a higher treatment level positively 
influences the intercolor bleed properties of an ink formulated with an anionicaUy 
stabilized, channel-like surface modified carbon black pigment dispersion. However, 
it was noted that with an improvement in intercolor bleed, a coiresponding decline in 
water&stness was observed in all cases. Waterfastness results were within acceptable 
limits and these formulas should be considered viable and usefiil. In comparing 
sample 7B and 7C, it was also observed that with a given carbon product, it was 
possible to maximize the level of attached groups. 



TABLE 6 



Sample 
Number 


Average Particle 
Size (microns) 


Optical 
Density 


Waterfastness 


Intercolor 
Bleed 


7A 


0.159 


1.46 


5 min 


fair 


7B 


0.154 


1.46 


lOmin 


good 


7C 


0.155 


1.47 


Ihr 


good 



Other embodimoits of the present invention will be apparent to those skilled in 
the art from consideration of the specification, examples and practice of the invention 
disclosed hereiiL It is intended that the specification be considered as exemplary only, 
witti a true scope and spirit of the invention being indicated by the following claims. 



What we claim is: 
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CLAIMS 

1. An ink composition comprising 1) at least one liquid vehicle and 2) at least 
one modified pigment, wherein said modified pigment comprises at least one pigment 
5 having attached at least one organic group substituted with at least one anionic group, 
at least one anionizable group, or a mixture thereof, wherein said organic group is 
present at a treatment level of finom about 4.5 to about 7.5 micromoles/m^ of the 
pigment used based on nitrogen surface area of the pigment. 

10 2. The ink composition of claim 1, wherein the organic group is present at a 
treatment level of firom about 5.0 to about 7.0 micromoles/m^ of the pigment used 
based on nitrogen surface area of the pigment. 

3. The ink composition of claim 2, wherein the organic group is present at a 
15 treatment level of fi^om about 5.5 to about 6.5 micromoles/m^ of the pigment used 

based on nitrogen surface area of the pigment. 

4. An ink composition comprising 1) at least one liquid vehicle and 2) at least 
one modified pigment, wherein said modified pigment comprises at least one pigment 

20 having attached at least one organic group substituted with at least one cationic group, 
at least one cationizable group, or a mixture thereof, wherein said organic group is 
present at a treatment level of from about 1 to about 4 micromoles/m^ of the pigment 
used based on nitrogen surface area of the pigment. 

25 5. The ink composition of claim 4, wherein the organic group is present at a 
treatment level of fix^m about 2 to about 3 micromoles/m^ of the pigment used based 
on nitrogen surface area of the pigment. 

6. The ink composition of claims 1-5, wherein said pigment is a carbon product, a 
30 colored pigment other than a caibon product, a multi-phase aggregate comprising at 
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least one caibon phase and at least one silicon-containing species phase, a multi-phase 
aggregate comprising at least one caibon phase and at least one metal-containing species 
phase, a partially silica coated caifoon black, or mixtures thereof. 

7. The ink composition of claims 1-5, wherein said organic group comprises at 
least one aromatic group or C1-C20 alkyl group. 

8. The ink composition of claim 7, wherein said at least one aromatic group or Cp 
C20 alkyl group is directly attached to the pigment. 

9. The ink conq>osition of claims 1-5, wherein said organic group is a polymeric 
group. 

10. The ink conq>osition of claims 1-5, wherein said organic group is an alkylene 
oxide. 

1 1 . The ink composition of claims 1-5, wherein said carbon product is carbon black. 

12. The ink conq>osition of claims 1-5, wherein said pigment is a colored pigment. 

13. The ink composition of claims 1-5, wherein the liquid vehicle is aqueous. 

14. The ink composition of claims 1-5, wherein said ink composition is an inkjet 
ink composition. 

15. A method for improving intercolor bleed properties of an ink, comprising 
introducing 1) at least one Uquid vehicle and 2) at least one modified pigment to an 
ink formulation, wherein said modified pigment comprises at least one pigment 
having attached at least one organic group substituted with at least one anionic group, 
at least one anionizable group, or a mixture thereof, wherein said organic group is 
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present at a treatment level of from about 4.S to about 7.5 micromoles/m^ of the 
pigment used based on nitrogen surface area of the pigment. 

16. The method of claim IS, wherein the organic group is present at a treatment 
level of from about S.O to about 7.0 micromoles/m^ of the pigmoit used based on 
nitrogen s^ace area of the pigment. 

17. The method of claim 16, wherein the organic group is present at a treatment 
level of from about 5.5 to about 6.5 micromoles/m^ of the pigment used based on 
nitrogen surface area of the pigment. 

18. A method for improving intercolor bleed properties of an ink, comprising 
introducing 1) at least one liquid vehicle and 2) at least one modified pigment to said 
ink, wherein said modified pigment comprises at least one pigment having attached at 
least one organic group substituted with at least one cationic group, at least one 
cationizable group, or a mixture thereof, wherein said organic group is present at a 
treatment level of fh>m about 1 to about 4 micromoles/m^ of the pigment used based 
on nitrogen surface area of the pigment. 

19. The method of claim 18, wherein the organic group is present at a treatment 
level of from about 2 to about 3 micromoles/m^ of the pigment used based on nitrogen 
surface area of the pigment. 

20. The method of claims 15-19, wherein said pigment is a carbon product, a 
colored pigment other than a carbon product, a multi-phase aggregate comprising at 
least one carbon phase and at least one silicon-containing species phase, a multi-phase 
aggregate comprising at least one carbon phase and at least one metal-containing species 
phase, a partially silica coated carbon black, or mixtures thereof. 
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21. The method of claims 1S-19» wherein said organic group comprises at least one 
aromatic group or Ci-Cto alkyl group. 

22. The method cf claim 21, wherein said at least one aromatic group or Cj-Cjo alkyl 
group is directly attached to the pigment. 

23. The method of claims 15-19, wherein said organic group is a polymeric group. 

24. The method of claims 15-19, wherein said organic group is an all^Iene oxide. 

25. The method of claims 15-19, wherein said carbon product is carbon black. 

26. The method of claims 15-19, wherein said pigment is a colored pigment. 

27. The method of claims 15-19, wherein the liquid vehicle is aqueous. 

28. The method of claims 15-19, wherein said ink formulation is an inkjet ink 
formulation. 



INTERNATIONAL SEARCH REPORT 


Inten nal AppUcatlon No 

PCT/US 00/20940 


A. CLASSRCATION OF SUBJECT MATTER . ^ 

IPC 7 C09D11/00 C09D11/02 








According to. International Patent aassification (IPC) or to twth national dassification and IPC 






B. RELOSSEAflCHEO 


Minimum doomentation seaiched (classification system foOowed by classification symbols) 

IPC 7 C09D C09C C09B 


Documentation seaiched other than minimum documentation to the »)« in the fields searched 


Sectionic data base consulted during the intematiGnal eeaich (name of data ba$( 

EPO-Internal , WPI Data, PAJ 


sand, where practical, search terms used 


) 


C DOCUMENTS CONSIDERED TO BE RELEVANT 


Cawgoiy" 


(Station d document with indkation. where appropriate, of the rdevant passages 


Rdevant to dahi Na 


A 
A 
A 


WO 99 23174 A (CABOT CORP) 

14 May 1999 (1999-05-14) 

page 7, line 5 -page 12, line 3; claims 

1-80 

EP 0 475 075 A (XEROX CORP) 
18 March 1992 (1992-03-18) 
page 5, line 7-16 
page 6, line 7-21 

GB 2 323 600 A (HEWLETT PACKARD CO) 
30 September 1998 (1998-09-30) 
page 5. line 21-27 
page 7, line 23 -page 9. line 27 

~" -/- 


I- 28 

4,6,9. 
11.13,14 

1.4.6. 

II- 14 


1 Further documents are Bsted In the continuation of box C. 


Patent famll] 


^ members are listed in annex. 


'> Special categories of cHed docunents : ^ document published after the Intemational filing date 
_ . . ^ ^. or priority date and not in conflict with the application but 
■A- document defining the general state of the art vMi is not dted to understand the principle or theory underiyingthe 
constdered to be of particular relevance • invention 

eartier document but published on or after the International ^ docunenl of particulaf relevance: thedaimed invention 
fiDngdate cannot be considered novel or cannot be considered to 

"L" document vwtich may throw doubts on priority daimfs) or frivdve an inventive step wtien the document is taken alone 
v(*»ch is dtfid to establish the piWication date danc^ "V document of particular relevance: the claimed invention 
citation or other special reason(as speofied) cannot be considered to involve an inventive step when the 

-O" document refening to an oral <f8d06ure. use. exhibition or document is combined with one or iTK)re other such docu- 
other means ments, such combination being obvious to a person skilled 

"P* document published prior to the Intemational faing date but in the ait 

later than the priority date daimed document member of the same patent fam9y 


Date of the actual completicn of the Intemational search 

24 October 2000 


Date d maiGng d the international search report 

03/11/2000 


Name and mailing address of the ISA 

European Patent Offk». P.B, 5818 Patentiaan 2 

NL-22B0HVRrjswlJk 

Tel. (431-70) 340-2040. Tx. 31 651 eponl. 

Fax: (+31 -70) 340-0016 


Authorized office 

Miller 


r 

. A 





Rnn PCT/ISAfiiO (s«cond shMt) 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Inter nai Application No 

PCT/US 00/20940 



CXConUnuatlon) DOCUMEKTS CONSIDERED TO BE RELEVANT 



Categofy * CHatfon of document, with imfcatioawtiere approptiate. the relevant passages 



Relevant to daim Ha. 



WO 97 48769 A (CABOT CORP) 
24 December 1997 (1997-12-24) 
page 5, line 4 -page 6, line 16 
& US 5 837 045 A (JAMES A. BELMONT) 

17 November 1998 (1998-11-17) 
cited In the application 

WO 99 07794 A (CABOT CORP) 

18 February 1999 (1999-02-18) 
page 3, line 15 -page 4, line 8 

& US 5 895 522 A (JAMES A. BELMONT) 
20 April 1999 (1999-04-20) 
cited in the application 



1-28 
1-28 

1-28 
1-28 



Fam PCT/ISAAIO (oontkiuation of sacond shMt) (July 1992) 



page 2 of 2 



